WOOOWARD-CLYDE  CONSULTANTS  CHICAGO  IL  F/G  13/13 

NATIONAL  OAM  SAFETY  PROGRAM.  JOHN  BOLLINGER  NUMBER  1  OAM  (MO  31— ETC(U) 
DEC  80  J  PEREZ t  L  M  KRAZYNSKI  DACW43-80-C-0066 


”VViV-  ’ 


St.  Louts  District 


elec;-. 

OCT  1  31981 


«fi  OA.  ARMY  ENQMEER  DISTRICT.  $T.  L  OUIS 
i  or  Missouri  _ 


This  document  has  been  approved 
i  i  p  ^ i i release  and  ale;  its 
di  ;lnbuticn  is  unlimited. 


UNCLASSIFI 


SECURITY  CLASSIFICATION  OF  This  PAGE  Du>  Bnttrtd) 


REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS  1 

BEFORE  COMPLETING  FORM  \ 

«.  -TITLE  (and  Submit) 

tTiase  I  Dam  Inspection  Report  /  - 

National  Dam  Safety  Program  ;  / 

•John  Bollinger  No.  1  Dam  (MO  31417)  — 

Madison  County,  Missouri 

5.  TYPE  OF  REPORT  A  PERIOO  COVERED 

J  Final  fie  port  ^ 

6.  'PERFORMING  ORG.  REPORT  NUMBER 

IT  AUTHORS 

Hoodward-Clyde  Consultants 

«.  CONTRACT  OR  GRANT  NUMBERfs.) 

t  V  - 7 / 

T  DACW43-80-C-0066, 

S.  PERFORMING  ORGANIZATION  NAME  AND  AOORESS 

U.S.  Anny  Engineer  District,  St.  Louis 

Dam  Inventory  and  Inspection  Section,  LMSED-PD 

210  Tucker  Blvd.,  North,  St.  Louis,  Mo.  63101 

10.  PROGRAM  ELEMENT.  PROJECT,  TASK 
AREA  A  WORK  UNIT  NUMBERS 

/ 

It.  CONTROLLING  OFFICE  NAME  AND  AOORESS 

U.S.  Army  Engineer  District,  St.  Louis  (  ,  j 

Dam  Inventory  and  Inspection  Section,  LMSED-PD^L- 
210  Tucker  Blvd.,  North,  St.  Louis,  Mo.  63101 

12.  REPORT  DATA . . 

}  Deceabar  1980 

IS.  NUMBER  OF  PAGES 

_ Approximately  50 _ 

M.  MONITORING  AGENCY  NAME  A  ADORESS<l(  dlttarant  Iran  Controlling  Olllet) 

IS. 

SECURITY  CLASS,  (of  thle  roport) 

f  ^  National  Dam  Safety  Program.  John 
Bollinger  Number  1  Dam  (MO  31417), 

|  Mississippi  -  St.  Francis  Basin,  Madison 

1  fonniv.  Missouri.  Phase  I  Inspection 

UNCLASSIFIED 

3ECL  ASSI  FI  CATION/ DOWNGRADING 
SCHEDULE 

IS.  DISTRIBUTION  ST  *  ' 

)  Report.  . . 

Approved  for  release;  distribution  unlimited. 

17.  DISTRIBUTION  STATEMENT  (of  tho  mbotrmct  mtftmd  In  Block  20,  l(  dllforont  from  Report) 

1  yo  ■  ■'{,  ■  / 1  ■ 

,■  i..  ,  ,J  ■  j 

It.  SUPPLEMENTARY  NOTES 

If.  KEY  BOROS  fContlnuo  on  tor or  mm  oldo  It  nmeoomory  and  Identity  by  block  nutnbor) 

Dam  Safety,  Lake,  Dam  Inspection,  Private  Dams 

It  ABSTRACT  fCnttM  aa  rorotom  aM »  M  nmooomoty  and  identify  by  block  numbor) 

This  report  was  prepared  under  the  National  Program  of  Inspection  of 

Non-Federal  Dams.  This  report  assesses  the  general  condition  of  the  dam  with 
respect  to  safety,  based  on  available  data  and  on  visual  inspection,  to 
determine  if  the  dam  poses  hazards  to  human  life  or  property. 

DO  I  1473  COtTIOM  OF  »  NOV  SS  IS  OBSOLETE  , 

*  _ UNCLASSIFIED 

SECURITY  CLASSIFICATION  OF  THIS  PAGE  (Wron  D»l»  Bnltrtd) 

i 


INSTRUCTIONS  FOR  PREPARATION  OF  REPORT  DOCUMENTATION  PAGE 


RESPONSIBILITY .  The  controlling  DoD  office  will  be  responsible  for  completion  of  the  Report  Documentation  Page,  DD  Form  1473,  in 
all  technical  reports  prepared  by  or  for  DoD  organizations. 

'r.FlCATlON .  Since  this  Report  Documentation  Page,  DD  Form  1473,  is  used  in  preparing  announcements,  bibliographies,  and  date 
lt  should  be  unclassified  if  possible.  If  a  classification  is  required,  identify  the  classified  items  on  the  page  by  the  appropriate 


COMPLETION  GUIDE 


General.  Make  Blocks  1,  4,  S,  6,  7,  11,  13.  IS,  and  16  agree  with  the  corresponding  information  on  the  report  cover.  Leave 
Blocks  2  and  3  blank. 

Block  1.  Report  Number.  Enter  the  unique  alphanumeric  report  number  shown  on  the  cover. 

Block  2.  Government  Accession  No.  Leave  Blank.  This  space  is  for  use  by  the  Defense  Documentation  Center. 

Block  3.  Recipient's  Catalog  Number.  Leave  blank.  This  space  is  for  the  use  of  the  report  recipient  to  assist  in  future 
retrieval  of  the  document. 

Block  4.  Title  and  Subtitle.  Enter  the  title  in  all  capital  letters  exactly  as  it  appears  on  the  publication.  Titles  should  be 
unclassified  whenever  possible.  Write  out  the  English  equivalent  for  Greek  letters  and  mathematical  symbols  in  the  title  (see 
" Abstracting  Scientific  and  Technical  Reports  of  Defense-sponsored  RDT/E, "AD-667  000).  If  the  report  has  a  subtitle,  this  subtitle 
should  follow  the  main  title,  be  separated  by  a  comma  or  semicolon  if  appropriate,  and  be  initially  capitalized.  If  a  publication  haB  a 
title  in  a  foreign  language,  translate  the  title  into  English  and  follow  the  English  translation  with  the  title  in  the  original  language. 

Make  every  effort  to  simplify  the  title  before  publication. 

Block  5.  Type  of  Report  and  Period  Covered.  Indicate  here  whether  report  is  interim,  final,  etc.,  and,  if  applicable,  inclusive 
dates  of  period  covered,  such  as  the  life  of  a  contract  covered  in  a  final  contractor  report. 

Block  6.  Performing  Organization  Report  Number.  Only  numbers  other  than  the  official  report  number  shown  in  Block  1,  such 
as  aeries  numbers  for  in-house  reports  or  a  contractor/grantee  number  assigned  by  him,  will  be  placed  in  this  space.  If  no  such  numbers 
are  used,  leave  this  space  blank. 

Block  7.  AuthorfsL  Include  corresponding  information  from  the  report  cover.  Give  the  name(s)  of  the  authorfs.)  in  conventional 
order  (for  example,  John  R.  Doe  or,  if  author  prefers,  J.  Robert  Doe).  In  addition,  list  the  affiliation  of  an  author  if  it  differs  from  that 
of  the  performing  organization. 

Block  8.  Contract  or  Grant  NumberfsJ.  For  a  contractor  or  grantee  report,  enter  the  complete  contract  or  grant  numberf's )  under 
which  the  work  reported  was  accomplished.  Leave  blank  in  in-house  reports. 

Block  9.  Performing  Organization  Name  and  Address.  For  in-house  reports  enter  the  name  and  address,  including  office  symbol, 
of  ti—  performing  activity.  For  contractor  or  grantee  reports  enter  the  name  and  address  of  the  contractor  or  grantee  who  prepared  the 
report  and  identify  the  appropriate  corporate  division,  school,  laboratory,  etc.,  of  the  author.  List  city,  state,  and  ZIP  Code. 

Block  10.  Program  Element,  Project,  Task  Area,  and  Work  Unit  Numbers.  Enter  here  the  number  code  from  the  applicable 
Department  of  Defense  form,  such  as  the  DD  Form  1498,  "Research  and  Technology  Work  Unit  Summary”  or  the  DD  Form  1634. 

“Research  and  Development  Planning  Summary,”  which  identifies  the  program  element,  project,  task  area,  and  work  unit  or  equivalent 
under  which  the  work  was  authorized. 

Block  11.  Controlling  Office  Name  and  Address.  Enter  the  full,  official  name  and  address,  including  office  symbol,  of  the 
controlling  office.  (Equates  to  funding/ sponsoring  agency.  For  definition  see  DoD  Directive  5200.20,  "Distribution  Statements  on 
Technical  Documents.") 

Block  12.  Report  Date.  Enter  here  the  day,  month,  and  year  or  month  and  year  as  shown  on  the  cover. 

Block  13.  Number  of  Pages.  Enter  the  total  number  of  pages. 

Block  14,  Monitoring  Agency  Name  and  Address  (if  different  from  Controlling  Office).  For  use  when  the  controlling  or  funding 
office  does  not  directly  administer  a  project,  contract,  or  grant,  but  delegates  the  administrative  responsibility  to  another  organization. 

Blocks  IS  &  ISs.  Security  Classificstion  of  the  Report:  Declassification/Downgrading  Schedule  of  the  Report.  Enter  in  15 
the  highest  classification  of  the  report.  If  appropriate,  enter  in  15a  the  declassification/downgrading  schedule  of  the  report,  using  the 
abbreviations  for  declassificetion/downgrading  schedules  listed  in  paragraph  4-207  of  DoD  5200. 1-R. 

Block  16.  Distribution  Statement  of  the  Report.  Insert  here  the  applicable  distribution  statement  of  the  report  from  DoD 
Directive  5200.20.  "Distribution  Statements  on  Technical  Documents." 

Block  17.  Distribution  Statement  (of  the  abstract  entered  in  Block  20.  if  different  from  the  distribution  statement  of  the  report). 
Insert  here  the  applicable  distribution  statement  of  the  abstract  from  DoD  Directive  5200.20,  "Distribution  Statements  on  Technical  Doc¬ 
uments." 

Block  18.  Supplementary  Notes.  Enter  information  not  included  elsewhere  but  useful,  such  as:  Prepared  in  cooperation  with 
.  Translation  of  (or  by)  .  .  .  Presented  at  conference  of  ...  To  be  published  in  .  . 

Block  19.  Key  Words.  Select  terms  or  short  phrases  that  identify  the  principal  subjects  covered  in  the  report,  and  are 
sufficiently  specific  and  precise  to  be  used  as  index  entries  for  cataloging,  conforming  to  standard  terminology.  The  DoD  "Thesaurus 
of  Engineering  and  Scientific  Terms"  (TEST),  AD-672  000,  can  be  helpful. 

Block  20;  Abstract.  The  abstract  should  be  a  brief  (.tot  to  exceed  200  words)  factual  summary  of  the  most  significant  informs- 
tll-  ontained  TiTthe  report.  If  possible,  the  abstrsct  of  a  classified  report  should  be  unclassified  and  the  abstract  to  an  unclassified 

ra  should  consist  of  publicly-  releasable  information.  If  the  report  contains  a  significant  bibliography  or  literature  survey,  mention 

it  here.  For  information  on  preparing  abstracts  see  "Abstracting  Scientific  and  Technical  Reports  of  Defense-Sponsored  RDTfcE,” 
AD-667  000. 

«U.S.  G.P.O.  1980-665- 141/1299 


DEPARTMENT  OF  THE  ARMY 

ST.  IMIS  OISTSICT.  COMS  SF  f  MIMEIM 
210  TUCKER  BOULEVARD.  NORTH 
ST.  ISSIS.  MISSOURI  SSIUi 


WRIT  TO 
*m«*TioMOs 


SUBJECT:  John  Bollinger  No.  1  Dam  Phase  I  Inspection  Report 


This  report  presents  the  results  of  field  inspection  and  evaluation  of  the  John  Bollinger 
No.  1  Dam  (MO  31417). 

It  was  prepared  under  the  National  Program  of  Inspection  of  Non-Federal  Dams. 

This  dam  has  been  classified  as  unsafe,  non-emergency  by  the  St  Louis  District  as  a  result 
of  the  application  of  the  following  criteria: 

a.  The  combined  spillway  capacity  will  not  pass  50  percent  of  the  Probable 
Maximum  Flood  without  overtopping  the  dam. 

b.  Overtopping  of  the  dam  could  result  in  failure  of  the  dam. 

c.  Dam  failure  significantly  increases  the  hazard  to  loss  of  life 
downstream. 
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PREFACE 


This  report  Is  prepared  under  guidance  contained  in  the  Recommended  Guidelines 
for  Safety  Inspection  of  Dams  for  Phase  I  Investigations.  Copies  of  these  guidelines  may 
be  obtained  from  the  Office  of  the  Chief  of  Engineers,  Washington,  D.  C.,  20314.  The 
purpose  of  a  Phase  I  investigation  is  not  to  provide  a  complete  evaluation  of  the  safety  of 
the  structure  nor  to  provide  a  guarantee  on  its  future  integrity.  Rather  the  purpose  of  the 
program  is  to  identify  potentially  hazardous  conditions  to  the  extent  they  can  be 
identified  by  a  visual  examination.  The  assessment  of  the  general  condition  of  the  dam  is 
based  upon  available  data  (if  any)  and  visual  inspections.  Detailed  investigations,  testing, 
and  detailed  computational  evaluations  are  beyond  the  scope  of  a  Phase  I  investigation; 
however,  the  investigation  is  intended  to  identify  the  need  for  more  detailed  studies.  In 
view  of  the  limited  nature  of  the  Phase  I  studies  no  assurance  can  be  given  that  all 
deficiencies  have  been  identified. 

In  reviewing  this  report,  it  should  be  realized  that  the  reported  condition  of  the  dam 
is  based  on  observations  of  field  conditions  at  the  time  of  inspection  along  with  any  data 
which  may  be  available  to  the  inspection  team.  In  cases  where  the  reservoir  was  lowered 
or  drained  prior  to  inspection,  such  action  removes  the  normal  load  on  the  structure,  as 
well  as  the  reservoir  head  along  with  seepage  pressures,  and  may  obscure  certain 
conditions  which  might  otherwise  be  detectable  if  inspected  under  the  normal  operating 
environment  of  the  structure. 

It  is  important  to  note  that  the  condition  of  a  dam  depends  on  numerous  and 
constantly  changing  internal  and  external  conditions,  and  is  evolutionary  in  nature.  It 
would  be  incorrect  to  assume  that  the  present  condition  of  the  dam  will  continue  to 
represent  the  condition  of  the  dam  at  some  point  in  the  future.  Only  through  frequent 
inspections  can  unsafe  conditions  be  detected,  so  that  corrective  action  can  be  taken. 
Likewise  continued  care  and  maintenance  are  necessary  to  minimize  the  possibility  of 
development  of  unsafe  conditions. 
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Name  of  Dam 
State  Located 
County  Located 
Stream 

Date  of  Inspection 


John  Bollinger  No.  1  Dam 

Missouri 

Madison 

Unnamed  Tributary  of  Saline  Creek 
16  August  1980 


John  Bollinger  No.  1  Dam,  Missouri  Inventory  Number  31417,  was  inspected  by 
Richard  Berggreen  (engineering  geologist),  Leonard  Krazynski  (geotechnical  engineer),  and 
Sean  Tseng  (hydrologist). 

The  dam  inspection  was  made  following  the  guidelines  presented  in  the 
"Recommended  Guidelines  for  Safety  Inspection  of  Dams".  These  guidelines  were 
developed  by  the  Chief  of  Engineers,  U.S.  Army,  Washington,  D.C.,  with  the  help  of 
federal  and  state  agencies,  professional  engineering  organizations,  and  private  engineers. 
The  resulting  guidelines  represent  a  consensus  of  the  engineering  profession.  These 
guidelines  are  intended  to  provide  for  an  expeditious  identification,  based  on  available 
data  and  a  visual  inspection,  of  those  dams  which  may  pose  hazards  to  human  life  or 
property.  In  view  of  the  limited  nature  of  the  study,  no  assurance  can  be  given  that  all 
deficiencies  have  been  identified. 

The  St  Louis  District,  Corps  of  Engineers  (SLD),  has  classified  this  dam  as  having  a 
high  hazard  potential;  we  concur  with  this  classification.  The  SLD  estimated  damage 
zone  length  extends  approximately  two  miles  downstream  of  the  dam.  Approximately 
eight  occupied  dwellings,  assorted  out-buildings,  and  Missouri  Highways  72  and  Z  are 
located  in  this  damage  zone,  which  extends  to  the  outskirts  of  the  town  of  Fredericktown. 
The  contents  of  the  damage  zone  were  verified  by  aerial  reconnaissance.  The  loss  of  life 
and  property  could  be  significant  in  the  event  of  overtopping  and  failure  of  the  dam. 

The  dam  is  classified  as  small,  based  on  its  18  ft  height  and  storage  capacity  of 
62  ac-ft.  The  small  dam  classification  includes  dams  25  to  40  ft  in  height  or  having 
storage  capacities  of  50  to  1000  ac-ft. 


» 


Our  inspection  and  evaluation  indicate  the  dam  is  in  generally  good  condition.  No 
evidence  of  significant  erosion,  sliding,  cracking  or  excessive  settlement  was  noted  on  this 
dam.  No  animal  burrows  were  noted. 

Some  erosion  may  occur  in  the  auxiliary  spillway  and  in  the  discharge  channel 
downstream  of  the  dam. 

Seepage  and  stability  analyses  comparable  to  the  guidelines  are  not  on  record  which 
is  considered  a  deficiency. 

Hydraulic/hydrologic  analyses  indicate  the  1  percent  probability-of-occurrence 
event  (100  year  flood)  will  be  passed  without  overtopping  the  dam.  These  analyses  also 
indicate  any  storm  greater  than  45  percent  of  the  PMF  will  overtop  the  embankment..  The 
PMF  is  defined  as  the  flood  event  that  may  be  expected  to  occur  from  the  most  severe 
combination  of  critical  meteorologic  and  hydrologic  conditions  that  are  reasonably 
possible  in  the  region. 

Based  on  the  small  impounded  volume  of  water,  the  small  drainage  basin,  the  broad 
flow  area  downstream  of  this  dam,  and  the  distance  to  the  nearest  residences,  it  is 
recommended  that  50  percent  of  the  PMF  be  considered  as  the  spillway  design  flood. 

It  is  recommended  the  following  remedial  measures  be  implemented  and  additional 
studies  be  made  for  the  facilities  at  John  Bollinger  No.  1  Dam: 

1.  Design  and  construct  appropriate  facilities  to  enable  the  dam  to  pass  at  least 
50  percent  of  the  PMF  without  overtopping. 

2.  Evaluate  options  for  erosion  protection  or  relocation  of  downstream  channel 
below  the  auxiliary  spillway.  Considerations  should  also  be  given  to  the  erodible 
nature  of  the  embankment  and  the  spillway.  Additional  planting  of  grasses  should  be 
considered  to  provide  a  more  uniform  vegetative  cover. 

3.  Seepage  and  stability  analyses  comparable  to  the  requirement  for  the 
"Recommended  Guidelines  for  Safety  Inspection  of  Dams"  should  be  performed. 


A  program  of  periodic  inspections  is  recommended  to: 


1.  Inspect  seepage  areas  to  identify  increases  in  volume  of  seepage  water  or 
turbidity  (soil)  in  the  seepage  water; 

2.  Inspect  slopes  for  evidence  of  instability  such  as  cracks  or  slumping; 

3.  Inspect  discharge  channel,  toe  of  dam  and  auxiliary  spillway  for  evidence  of 
erosion. 

4.  Inspect  the  trash  rack  at  the  inlet  of  the  main  spillway  to  detect  any 
conditions  that  might  lead  to  spillway  blockage. 

Records  should  be  kept  of  all  inspections  and  any  required  maintenance.  All  remedial 
measures  should  be  performed  under  the  guidance  of  an  engineer  experienced  in  the  design 
and  construction  of  earth  dams. 


Evaluation  of  a  practical  and  effective  warning  system  is  recommended  to  alert 
downstream  traffic  and  residents  should  hazardous  conditions  develop  at  this  dam. 

The  owner  should  take  action  on  these  recommendations  without  undue  delay. 


WOODW^RD-CLYDE  CONSULTANTS 


Leonard  M.  KrazynskI,  P.E. 
Vice  President 
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B  Hydraulic/Hydrologic  Data  and  Analyses 

C  Soil  Conservation  Service  Design  Data 


PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 
JOHN  BOLLINGER  NO.  1  DAM,  MISSOURI  INVENTORY  NO.  31417 


SECTION  1 

PROJECT  INFORMATION 


1.1  General 


a.  Authority.  The  National  Dam  Inspection  Act,  Public  Law  92-367,  provides  for 
a  national  inventory  and  inspection  of  dams  throughout  the  United  States. 
Pursuant  to  the  above,  an  inspection  was  conducted  of  John  Bollinger  No.  1 
Dam,  Missouri  Inventory  Number  31417. 

b.  Purpose  of  Inspection.  "The  primary  purpose  of  the  Phase  1  investigation 
program  is  to  identify  expeditiously  those  dams  which  may  pose  hazards  to 
human  life  or  property...  The  Phase  1  investigation  will  develop  an  assessment 
of  the  general  condition  with  respect  to  safety  of  the  project  based  upon 
available  data  and  a  visual  inspection,  determine  any  need  for  emergency 
measures,  and  conclude  if  additional  studies,  investigations  and  analyses  are 
necessary  and  warranted"  (Chapter  3,  "Recommended  Guidelines  for  Safety 
Inspection  of  Dams"). 

c.  Evaluation  criteria.  The  criteria  used  to  evaluate  the  dam  were  established  in 
the  "Recommended  Guidelines  for  Safety  Inspection  of  Dams",  Engineering 
Regulation  No.  1110-2-106  and  Engineering  Circular  No.  1110-2-188, 
"Engineering  and  Design  National  Program  for  Inspection  of  Non-Federal 
Dams",  prepared  by  the  Office  of  Chief  of  Engineers,  Department  of  the 
Army,  and  "Hydrologic/Hydraulic  Standards  Phase  I  Safety  Inspection  of  Non- 
Federal  Dams",  prepared  by  the  St  Louis  District,  Corps  of  Engineers  (SLD). 
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These  guidelines  were  developed  with  the  help  of  several  federal  agencies  and 
many  state  agencies,  professional  engineering  organizations,  and  private 
engineers. 

1.2  Description  of  Project 

a.  Description  of  dam  and  appurtenances.  John  Bollinger  No.  1  Dam  is  an  earth 
dam  constructed  to  impound  a  lake  for  irrigation.  The  dam  was  designed  by 
the  US  Soil  Conservation  Service.  The  dam  generally  appears  to  be 
constructed  in  accord  with  the  design.  Design  plans  are  presented  in 
Appendix  C. 

The  normal  operating  pool  outlet  or  main  spillway  consists  of  a  12-in. 
diameter  asbestos-concrete  pipe  through  the  center  of  the  dam.  The  outlet  of 
this  pipe  is  near  the  toe  of  the  maximum  section.  A  crude  trash  rack  has  been 
constructed  around  the  inlet  end.  No  valve  was  noted  on  the  pipe  during  the 
field  inspection. 

An  auxiliary  spillway  is  located  at  the  right  abutment  (as  the  observer  faces 
downstream!.  This  auxiliary  spillway  consists  of  a  broad  low  area  subject  to 
overtopping  during  flood  events.  The  area  considered  as  the  auxiliary  spillway 
is  approximately  160  ft  wide  at  an  elevation  of  794.0  ft,  the  minimum  top  of 
dam  at  the  left  abutment.  There  are  no  control  structures  for  regulating  flows 
through  this  auxiliary  spillway. 

b.  Location.  The  dam  is  located  approximately  two  miles  northeast  of 
Fredericktown,  along  Shulte  Road,  in  Survey  Number  3323,  T33N,  R7E,  in 
Madison  County,  Missouri  (Fig  1J.  The  dam  is  on  an  unnamed  tributary  of 
Saline  Creek  on  the  USGS  Fredericktown,  Missouri,  7.5  minute  quadrangle. 

c.  Size  classification.  The  dam  is  classified  as  small  on  the  basis  of  its  storage 
volume  of  62  ac-ft  The  dam  is  approximately  18  ft  in  height  A  small  dam  is 
one  that  impounds  50  to  1000  ac-ft  or  is  25  to  40  ft  in  height 
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d.  Hazard  classification.  The  St  Louis  District,  Corps  of  Engineers  (SLD),  has 
classified  this  dam  as  having  a  high  hazard  potential.  The  SLD  estimated 
damage  zone  length  extends  approximately  two  miles  downstream.  Within  this 
damage  zone,  which  extends  to  the  outskirts  of  the  town  of  Fredericktown,  are 
approximately  eight  occupied  dwellings  assorted  out-buildings,  and  two 
Missouri  Highways.  The  contents  of  the  hazard  zone  were  verified  by  aerial 
reconnaissance.  There  exists  a  potential  for  loss  of  life  and  property  in  the 
event  of  overtopping  and  failure  of  this  dam. 

e.  Ownership.  The  dam  is  reportedly  owned  by  Mr  John  Bollinger,  Route  1, 
Fredericktown,  Missouri.  Correspondence  should  be  sent  to  Mr  Bollinger. 

f.  Purpose  of  dam.  The  dam  was  constructed  to  impound  a  lake  to  be  used  for 
irrigation  of  crops. 

g.  Design  and  construction  history.  The  dam  was  constructed  in  1977.  Soil 
Conservation  Service  designs  for  the  dam  and  outlet  pipe  spillway  were 
supplied  by  Mr  K.  G.  McManus  of  the  Soil  Conservation  Service.  Our  visual 
inspection  and  survey  indicate  the  dam  was  constructed  in  basic  accordance 
with  the  design  documents.  These  design  documents  are  included  as 
Appendix  C. 

h.  Normal  operating  procedures.  No  operating  records  were  found.  Normal 
operating  outflow  would  pass  through  the  main  spillway  outlet  pipe,  or  over 
the  auxiliary  spillway  at  the  right  abutment.  The  field  inspection  found 
evidence  (erosion  at  discharge  of  pipe)  indicating  overflow  through  the  pipe 
had  occurred.  No  evidence  was  found  of  overflow  at  the  auxiliary  spillway. 

1.3  Pertinent  Data 
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a.  Drainage  area.  Approximately  0.12  mi 

b.  Discharge  at  damsite. 


Maximum  known  flood  at  damsite 

Warm  water  outlet  at  pool  elevation 

Diversion  tunnel  low  pool  outlet  at  pool  elevation 


Unknown 

N/A 

N/A 


Diversion  tunnel  outlet  at  pool  elevation  N/A 

Gated  spillway  capacity  at  pool  elevation  N/A 

Gated  spillway  capacity  at  maximum  pool  elevation  N/A 

Ungated  spillway  capacity  at  maximum  pool  elevation  (794)  370  ft^/sec 

Total  spillway  capacity  at  maximum  pool  elevation  (7941  370  ft^/sec 

c  Elevation  (It  above  MSLL 

Top  of  dam  794  to  795.5 

Maximum  pool-design  surcharge  N/A 

Full  flood  control  pool  N/A 

Recreation  pool  N/A 

Spillway  crest  (gated)  N/A 

Upstream  portal  invert  diversion  tunnel  N/A 

Downstream  portal  invert  diversion  tunnel  N/A 

Streambed  at  centerline  of  dam  Unknown 

Maximum  tailwater  N/A 

Toe  of  dam  at  maximum  section  777.3 

d.  Reservoir. 

Length  of  maximum  pool  900  ft 

Length  of  recreation  pool  N/A 

Length  of  flood  control  pool  N/A 

e.  Storage  (acre-feet). 

Recreation  pool  N/A 

Flood  control  pool  N/A 

Design  surcharge  N/A 

Top  of  dam  62 

f.  Reservoir  surface  (acres). 

Top  of  dam  9 

Maximum  pool  9 
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Flood  control  pool 
Recreation  pool 
Spillway  crest 

Dam. 

Type 
Length 
Height 
Top  width 
Side  slopes 

Zoning 

Impervious  core 
Cutoff 

Grout  curtain 


N/A 

N/A 

7.7 


Compacted,  earth 
695  ft 
18  ft 
16  ft 

Upstream  3(H)  to  1(V) 
Downstream  2.2(H)  to  1(V) 

None 

None 

2.5  ft  deep  trench 
None 


Diversion  and  regulating  tunneL 


Type  None 

Length  N/A 

Closure  N/A 

Access  N/A 

Regulating  facilities  None 


Spillway. 

Type  Main:  12  in.  ungated,  asbestos-concrete 

pipe  through  maximum  section  of  dam. 

Auxiliary:  uncontrolled,  unlined  weir  at 
right  abutment 

Length  of  weir  Main:  N/A 

Auxiliary:  160  ft  at  elevation  of  top  of 
dam  (794  ft). 

Crest  elevation  Main:  792.2 

Auxiliary:  792.4 


Gates 

Downstream  channel 


None 


Main  spillway:  culvert  under  Shulte 
Road. 

Auxiliary  spillway;  unlined  ditch  at  toe 
of  dam;  runs  along  toe  of  dam  to 
junction  with  main  spillway. 
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SECTION  2 
ENGINEERING  DATA 


2.1  Design 

Design  documents  for  John  Bollinger  No.  1  Dam  were  supplied  by  Mr  K.  G. 
McManus,  Soil  Conservation  Service  State  Conservationist.  These  documents 
included  survey  notes,  design  computations,  drawings  and  survey  check-out  notes. 
Of  principal  use  in  the  evaluation  and  visual  inspections  was  the  diagram  of  the 
cross  section  through  the  maximum  section  and  spillway  pipe.  This  is  included  in 
Appendix  C 

The  field  inspection  and  survey  of  the  dam  identified  some  minor  variances  from  the 
design  drawings.  The  spillway  pipe  was  designed  as  a  6 -in.  diameter  pipe.  The  dam 
was  constructed  with  a  12-in.  diameter  pipe.  The  auxiliary  spillway  was  designed 
to  be  1.5  ft  higher  than  the  inlet  elevation  for  the  spillway  pipe.  It  was  surveyed  as 
only  0.2  ft  higher. 

The  design  drawings  show  an  anticipated  settlement  of  the  dam  fill  of  1.4  ft.  No 
records  were  available  of  the  actual  settlement. 

Other  features  of  the  design  such  as  placement  of  seepage  collars  and  cutoff  trench 
dimensions  could  not  be  inspected. 

2.2  Construction 

Field  notes  of  an  inspection  visit  during  construction  were  obtained  from  the  Soil 
Conservative  Service.  These  notes  describe  the  elevation  of  the  dam  crest  at  the 
time  of  the  visit.  However,  the  elevations  are  not  referenced  to  Mean  Sea  Level 
Datum  and  could  not  be  directly  correlated  to  the  field  survey  conducted  for  this 
inspection.  Construction  of  the  embankment  was  apparently  complete  but  the 
auxiliary  spillway  had  not  been  excavated.  No  records  were  available  of  compaction 
tests  on  the  embankment  materials.  The  embankment  fill  was  described  as  class  III 
(SCSI.  No  other  records  of  construction  were  available. 
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2.3  Operation 

There  are  no  operating  facilities  at  this  dam.  Water  levels  are  controlled  by  flow 
through  the  ungated  spillway  pipe  and  auxiliary  spillway. 

2.4  Evaluation 


a.  Availability.  The  only  engineering  data  obtained  for  evaluation  of  this  dam 
were  from  the  Soil  Conservation  Service  design  drawings  included  in 
Appendix  C. 

b.  Adequacy.  The  available  data  are  insufficient  to  evaluate  the  adequacy  of 
design  of  this  dam.  Stability  and  seepage  analyses  comparable  to  the 
"Recommended  Guidelines  for  Safety  Inspections  of  Dams"  are  not  on  record, 
which  is  considered  a  deficiency.  These  stability  and  seepage  analyses  should 
be  performed  for  appropriate  loading  conditions  (including  earthquake  loads) 
and  made  a  matter  of  record.  These  analyses  should  be  performed  by  an 
engineer  experienced  in  the  design  and  constriction  of  dams. 

c.  Validity.  The  engineering  data  obtained  from  the  Soil  Conservation  Service 
appear  to  generally  reflect  the  condition  of  the  dam,  with  the  exception  of 
the  items  mentioned  in  Section  2.1. 

2.5  Project  Geology 

The  dam  site  is  located  just  north  of  the  center  of  the  Ozark  structural  dome. 
Bedrock  in  the  area  is  mapped  on  the  Geologic  Map  of  Missouri  (1979)  as  Cambrian 
age  Elvins  Group  and  Bonneterre  Formation  (Fig  4).  The  site  appears  to  be  located 
near  the  base  of  this  section  and  is  likely  underlain  by  Bonneterre  Formation.  The 
Bonneterre  Formation  is  typically  a  light  grey,  medium-  to  fine-grained  dolomite 
with  glauconitic  or  shaley  partings  and  beds  (Photo  2). 

A  residual  clay  soil  profile  developed  on  the  carbonite  bedrock  is  present  over  most 
of  the  site.  This  soil  (CL-CH)  is  apparently  the  material  used  in  the  dam 
construction.  The  soil  is  mapped  on  the  Missouri  General  Soil  Map  (1979)  as 
Peridge-Cantwell-Gasconade  Association. 


A  branch  of  the  Simms  Mountain  Fault  System  is  mapped  on  the  Structural  Features 
Map  of  Missouri  approximately  2  mi  northeast  of  the  dam.  The  Simms  Mountain 
System  is  a  complex  network  of  faults  approximately  42  mi  long,  with  displacement 
on  the  faults  typically  up  to  the  southwest.  The  fault  appears  to  be  limited  to  Pre- 
Cambrian  and  lower  Paleozoic  formations.  The  southwestern  end  of  the  zone 
approaches  the  area  of  the  large  New  Madrid  earthquake.  However,  the  dam  site  is 
not  considered  to  be  in  a  seismically  active  area  and  the  fault  system  does  not 
appear  to  pose  a  significant  hazard  to  the  dam. 
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SECTION  3 
VISUAL  INSPECTION 


3.1  Findings 

a.  General.  A  visual  inspection  was  conducted  of  John  Bollinger  No.  1  Dam  on 
August  16,  1980,  without  the  owner's  representative  present.  This  inspection 
indicated  the  dam  was  in  generally  good  condition.  The  lake  water  surface 
was  quite  low  due  to  a  dry  period  prior  to  the  inspection. 

b.  Dam.  The  dam  is  constructed  of  compacted  earth,  primarily  a  stiff  light  gray 
and  brown  silty  clay  (CL-CH).  Some  minor  gravel  is  present.  The  soil  appears 
to  be  a  residual  clay  possibly  developed  on  the  carbonate  bedrock  in  the  area 
which  is  exposed  near  the  left  abutment. 

The  vertical  and  horizontal  alignment  of  the  dam  appears  undisrupted 
(Photo  3).  No  animal  burrows  were  noted.  The  only  cracks  noted  were 
shrinkage  cracks  in  the  clay  formerly  covered  by  the  lake.  No  evidence  of 
slumping  or  slope  instability  was  noted  during  the  inspection. 

Some  minor  erosion  rills  were  noted  on  both  the  upstream  and  downstream 
slopes  of  the  dam  (Photos  *f,  5).  The  rills  are  perhaps  4  to  8  in.  deep  and 
locally  as  deep  as  1  ft.  They  are  fairly  regularly  spaced  at  about  3  ft 
intervals. 

A  series  of  wave  cut  small  benches  were  noted  on  the  upstream  face  of  the 
dam,  the  highest  being  approximately  3  ft  below  the  dam  crest  (Photo  6). 
There  is  no  riprap  or  other  erosion  control  on  the  upstream  slope  but  the  short 
fetch  to  build  waves  on  the  lake  suggests  none  is  probably  needed. 

Very  minor  seepage  was  noted  along  the  toe  of  the  dam.  Cattail  vegetation  was 
growing  in  damp  ground.  The  seepage  was  estimated  at  less  than  1/2 
gal/min. 
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c.  Appurtenant  Structures. 

1.  Main  spillway.  The  main  spillway  consists  of  a  12-in.  diameter  asbestos- 
concrete  pipe  extending  through  the  dam  embankment.  The  inlet  has  a 
vertical  riser  with  a  crude  trash  rack  to  prevent  congestion  (Photo  71.  The 
trash  rack  is  fairly  rough  and  the  vertical  beams  are  approximately  IS  to 
24  in.  apart.  However,  the  drainage  basin  is  used  exclusively  for  agriculture 
and  there  appears  to  be  little  chance  for  developing  obstructions  sufficient  to 
block  the  pipe.  No  valves  or  controls  were  noted  on  the  pipe.  The  outlet  exits  at 
the  toe  of  the  dam  near  the  maximum  section  (Photo  8). 

2.  Auxiliary  spillway.  The  auxiliary  spillway  is  a  broad  low  area  at  the 
right  abutment.  It  will  serve  as  an  overflow  during  heavy  flooding.  The 
overflow  area  is  ill-defined  with  no  distinct  margins.  The  minimum  top  of 
dam  elevation  considered  for  the  overtopping  analysis  (Section  5)  is  794.0  ft 
where  overflow  would  begin  over  the  left  abutment. 

The  embankment  materials  appear  moderately  erodible  and  significant  over¬ 
topping  for  extended  periods  of  time  could  cause  erosion  in  the  auxiliary 
spillway. 

d.  Reservoir  area.  The  reservoir  area  consists  entirely  of  cropland.  The  slopes 
were  quite  flat,  less  than  6  or  8(H!  to  1(V).  Vegetation  was  limited  to  the  corn 
crop  and  weeds  along  the  lake  shore.  No  evidence  of  slope  instability  was 
noted  in  the  slopes  surrounding  the  reservoir.  Some  sedimentation  appears  to 
be  occurring  at  the  upstream  end  of  the  reservoir,  but  no  rate  of  siltation  was 
measured  or  calculated. 

e.  Downstream  channel.  The  channel  below  the  main  spillway  pipe  flows  through 
a  culvert  under  Shulte  Road  (Fig  A-l,  Appendix  AJ.  The  channel  from  the 
auxiliary  spillway  flows  along  the  toe  of  the  dam  (Photo  91.  The  raised 
roadbed  of  Shulte  Road  confines  overflow  runoff  to  the  toe  of  the  slope. 
During  significant  storms  flow  along  toe  of  slope  would  likely  erode  both  the 
toe  of  the  dam  and  the  roadway.  High  flood  flows  would  likely  overtop  and 
erode  the  roadway  at  the  culvert  crossing. 
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3.2  Evaluation 

The  visual  inspection  indicates  the  dam  and  appurtenant  structures  are  in  generally 
good  condition.  Some  erosion  was  noted  on  upstream  and  downstream  slopes  but 
appeared  minor  at  the  time  of  inspection.  Additional  planting  of  grasses  should  be 
considered  to  provide  a  more  uniform  vegetative  cover  and  minimize  the  erosion. 
The  downstream  channel  below  the  auxiliary  spillway  may  cause  erosion  at  the  toe 
of  the  dam  during  periods  of  heavy  rainfall  unless  some  erosion  protection  is 
installed  or  the  channel  moved  to  the  south  side  of  Shulte  Road. 

No  evidence  of  cracking,  excessive  settlement,  sliding,  animal  burrows  or  disrupted 
horizontal  or  vertical  alignment  was  noted.  Seepage  was  very  minor,  less  than 
1/2  gal/min  and  was  not  transporting  soil. 
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SECTION  4 

OPERATIONAL  PROCEDURES 

4.1  Procedures 

So  far  as  could  be  determined  there  are  no  written  operational  procedures  for  this 
dam.  The  water  level  in  the  reservoir  is  controlled  by  the  crest  of  the  ungated 
spillway  pipe  and  auxiliary  spillway. 

4.2  Maintenance  of  Dam 

No  records  of  maintenance  on  this  facility  were  available. 

4.3  Maintenance  of  Operating  Facilities 

There  are  no  facilities  requiring  operation  at  this  dam.  The  trash  rack  at  the  inlet 
to  the  main  spillway  pipe  appears  to  have  been  recently  constructed  and  should  be 
maintained  free  of  debris. 

4.4  Description  of  Any  Warning  System  in  Effect 

The  inspection  did  not  identify  any  warning  system  in  effect  at  this  facility. 

4.5  Evaluation 

There  is  apparently  no  maintenance  program  in  effect  at  this  facility.  In  view  of 
the  potential  erosion  along  the  discharge  channel,  and  the  potentially  adverse  effect 
this  could  have  on  the  stability  of  the  dam,  it  is  recommended  a  maintenance 
program  be  established  for  this  dam  and  appurtenant  facilities.  The  feasibility  of  a 
practical  warning  system  should  be  evaluated  to  alert  downstream  residents,  should 
potentially  hazardous  conditions  develop  during  periods  of  heavy  precipitation. 


14 


SECTION  5 

HYDRAULIC/HYDROLOGIC 


5.1  Evaluation  of  Features 


a.  Design  data.  The  dam  was  designed  by  the  Soil  Conservation  Service  (SCSI  and 
some  hydrologic  and  hydraulic  design  data  were  available.  However,  the  pond 
did  not  comply  with  all  the  design  specifications  according  to  SCS  field  notes. 
Pertinent  dimensions  of  the  dam  and  reservoir  were  surveyed  for  this  report  on 
August  21,  1980,  measured  during  the  field  inspection  or  estimated  from  the 
topographic  mapping.  The  map  used  in  the  analysis  was  the  USGS 
Fredericktown  7.5  minute  quadrangle. 

b.  Experience  data.  No  recorded  history  of  rainfall,  runoff,  discharge  or  pool 
stage  data  were  available  for  this  reservoir  or  watershed. 

c.  Visual  observation.  The  watershed  is  rural  and  cultivated.  The  area  of  the 
reservoir  is  about  13  percent  of  the  total  watershed  area  of  0.12  square  miles. 

The  main  spillway  consists  of  a  12-in.  diameter  asbestos-concrete  pipe  located 
in  the  main  body  of  the  dam.  The  auxiliary  spillway  is  a  broad  area  at  the 
right  (west)  abutment.  Together  these  spillways  are  capable  of  passing 
approximately  425  ft^/sec. 

d.  Overtopping  potential.  Hydrologic  and  hydraulic  computations  indicate  that  a 
flood  greater  than  45  percent  PMF  will  overtop  the  dam.  The  PMF  is  defined 
as  the  flood  event  that  may  be  expected  to  occur  from  the  most  severe 
combination  of  critical  meteorologic  and  hydrologic  conditions  that  are 
reasonably  possible  in  the  region.  The  dam  will  pass  the  1  percent  probability- 
of -occurrence  event  without  overtopping  the  dam. 

The  following  data  are  computed  for  various  flood  events  assuming  no  erosion 
of  the  spillway  or  the  embankment: 
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Percent 

PMF 

Maximum 

Outflow, 

ft^/sec 

Maximum 

Lake 

Elevation, 

ft 

Maximum 
Depth  of 
Overtopping, 
ft 

Duration  of 
Overtopping, 
hrs 

45 

425 

794.0 

0 

0 

50 

480 

794.1 

0.1 

0.3 

100 

1050 

794.7 

0.7 

1.1 
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SECTION  6 

STRUCTURAL  STABILITY 

6.1  Evaluation  of  Structural  Stability 

a.  Visual  inspection.  The  visual  inspection  of  John  Bollinger  No.  1  Dam  identified 
no  evidence  of  instability  in  the  embankment.  Minor  erosion  was  noted  on 
both  the  upstream  and  downstream  slopes  locally  causing  gullies  to  1  ft  deep. 
Measures  to  mitigate  this  erosion  should  be  considered. 

The  downstream  channel  below  the  auxiliary  spillway  flows  along  the  toe  of  the 
dam  and  could  erode  the  toe  during  periods  of  heavy  overflow  runoff.  The  dam 
was  built  in  1977  and  there  is  only  a  short  history  of  performance.  No  records 
of  overtopping  were  located. 

b.  Design  data.  Standard  design  drawings  used  for  the  design  of  John  Bollinger 
No.  1  Dam  were  obtained  from  the  Soil  Conservation  Service  in  Columbia, 
Missouri.  The  dam  appears  to  be  built  generally  in  accordance  with  the 
available  information  except  as  noted  in  Section  2.1. 

Seepage  and  stability  analysis  comparable  to  the  requirements  of  the 
"Recommended  Guidelines  for  Safety  Inspections  of  Dams"  are  not  on  record. 
This  is  a  deficiency  which  should  be  rectified.  These  analyses  should  be 
performed  under  appropriate  loading  conditions  (including  earthquake  loads) 
and  made  a  matter  of  record.  These  analyses  should  be  performed  by  an 
engineer  experienced  in  the  design  and  construction  of  earth  dams. 

c.  Operating  records.  No  operating  records  or  water  level  records  are  maintained 
at  this  facility. 

d.  Post  construction  changes.  No  post  construction  changes  in  the  dam  could  be 
identified.  The  trash  rack  at  the  inlet  appeared  to  be  a  recently  constructed 
feature  of  the  dam. 
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e.  Seismic  stability.  The  dam  is  Seismic  Zone  2,  to  which  the  guidelines  assign  a 
moderate  damage  potential.  In  view  of  the  gravelly  clay  used  in  the 
construction  of  tna  dam,  liquefaction  of  the  embankment  is  unlikely  during  a 
seismic  event.  However,  since  no  static  stability  analysis  is  available  for 
review,  the  seismic  stability  cannot  be  evaluated. 
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SECTION  7 

ASSESSMENT/REMEDIAL  MEASURES 


7.1  Dam  Assessment 


a.  Safety.  Based  on  the  visual  inspection  and  evaluation  of  the  available  data, 
John  Bollinger  No.  1  Dam  is  judged  to  be  in  generally  good  condition. 

This  judgment  is  based  on  the  lack  of  signs  of  instability  or  significant  erosion 
on  the  dam  at  this  time.  The  potential  for  erosion  at  the  toe,  and  the  short 
history  of  performance  indicate  the  need  for  periodic  inspections  to  maintain 
the  facility  in  good  condition.  Seepage  and  stability  analyses  comparable  to 
the  recommended  guidelines  are  not  on  record,  which  is  considered  a 
deficiency. 

The  reservoir  storage  and  spillways  will  pass  45  percent  of  the  PMF  without 
overtopping  the  dam.  The  spillway  discharge  capacity  is  calculated  at 
425  ft3/sec. 

b.  Adequacy  of  information.  The  visual  inspection  provided  a  reasonable  base  of 
information  for  the  conclusions  and  recommendations  in  this  Phase  1  report. 

Seepage  and  stability  analyses  comparable  to  the  requirements  of  the 
"Recommended  Guidelines  for  Safety  Inspection  of  Dams"  were  not  available, 
which  is  considered  a  deficiency.  These  analyses  should  be  conducted  under 
the  direction  of  an  engineer  experienced  in  the  construction  of  earth  dams. 

c.  Urgency.  The  deficiencies  described  in  this  report  could  affect  the  long  term 
safety  of  the  dam.  Corrective  actions  should  be  taken  without  undue  delay. 

d.  Necessity  for  Phase  VL  In  accordance  with  the  "Recommended  Guidelines  for 
Safety  Inspections  of  Dams",  the  subject  investigation  was  a  minimum  study. 
This  study  revealed  that  additional  in-depth  investigations  are  needed  to 
complete  the  assessment  of  the  safety  of  the  dam.  Those  investigations  which 
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should  be  performed  without  undue  delay  are  described  in  Section  7.2b.  It  is 
our  understanding  from  discussions  with  the  St  Louis  District  that  any 
additional  investigations  are  the  responsibility  of  the  owner. 

7.2  Remedial  Measures 


a.  Alternatives.  There  are  several  general  options  which  may  be  considered  to 
reduce  the  possibility  of  dam  failure  or  to  diminish  the  harmful  consequences 
of  such  a  failure.  Some  of  these  options  are: 

1.  Remove  the  dam,  or  breach  it  to  prevent  storage  of  water. 

2.  Increase  the  height  of  dam  and/or  spillway  size  to  pass  50  percent  of  the 
Probable  Maximum  Flood  without  overtopping  the  dam. 

3.  Purchase  downstream  land  that  would  be  adversely  impacted  by  dam 
failure  and  restrict  human  occupancy. 

4.  Provide  a  highly  reliable  flood  warning  system  (generally  does  not 
prevent  damage  but  minimizes  the  potential  for  loss  of  life). 

b.  Recommendations.  Based  on  our  inspection  of  John  Bollinger  No.  1  Dam,  it  is 
recommended  that  further  studies  be  conducted  without  undue  delay,  to 
evaluate  as  a  minimum: 

1.  Design  and  construction  of  appropriate  facilities  to  enable  the  dam  to 
pass  at  least  50  percent  of  the  PMF  without  overtopping. 

2.  Options  for  erosion  protection  or  relocation  of  downstream  channel 
below  the  auxiliary  spillway.  Consideration  should  also  be  given  to  the 
erodible  nature  of  embankment  and  the  spillway.  Additional  planting  of 
grasses  should  be  considered  to  provide  a  more  uniform  vegetative  cover  and 
minimize  the  erosion. 

3.  Seepage  and  stability  analyses  comparable  to  the  requirements  of  the 
"Recommended  Guidelines  for  Safety  Inspection  of  Dams". 
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These  further  studies  should  be  conducted  under  the  guidance  of  an  engineer 
experienced  in  design  and  construction  of  dams. 

c.  Operation  and  maintenance  procedures.  A  program  of  periodic  inspections  is 
recommended  for  the  3ohn  Bollinger  No.  1  Dam.  This  program  should  include, 
but  not  be  limited  to: 

1.  Inspection  of  seepage  areas  to  identify  increases  in  volume  of  seepage  or 
turbidity  (soil!  in  the  seepage  water. 

2.  Inspection  of  slopes  to  identify  evidence  of  potential  future  slope 
instability  such  as  cracking  or  slumping  of  the  embankment. 

3.  Inspection  of  erosion  rills  on  the  face  of  dam  to  identify  potential  future 
impact  on  the  dam  stability. 

4.  Inspection  of  the  trash  rack  at  the  inlet  of  the  main  spillway  to  detect 
any  conditions  that  might  lead  to  spillway  blockage. 

Records  should  be  kept  of  the  inspections  and  any  required  maintenance.  All 
remedial  measures  should  be  performed  under  the  guidance  of  an  engineer 
experienced  in  the  design  and  construction  of  dams. 

The  evaluation  of  a  practical  and  effective  warning  system  is  recommended  to 
alert  downstream  traffic  and  residents  should  hazardous  conditions  develop  at 
this  dam. 
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7.  Inlet  for  main  spillway  pipe,  with  wooden  beams  acting  as  trash  rack.  Pipe  is  12-in. 
diameter  asbestos-concrete.  Looking  south. 


8.  Outlet  for  main  spillway  pipe  at  toe  of  maximum  section.  Looking  north. 


Downstream  face  of  dam.  Shulte  Road  visible  along  left  center  of  photo. 
Downstream  channel  for  auxiliary  spillway  runs  between  toe  of  dam  and  road. 
Looking  west. 


Downstream  channel,  south  side  of  Shulte  Road.  Looking  south  from  crest  of  dam. 
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APPENDIX  B 

Hydraulic/Hydrologic  Data  and  Analyses 


B.l  Procedures 

a.  General.  The  hydraulic/hydrologic  analyses  were  performed  using  the  "HEC-1, 
Dam  Safety  Version  (1  Apr  80)"  computer  program.  The  inflow  hydrographs 
were  developed  for  various  precipitation  events  by  applying  them  to  a 
synthetic  unit  hydrograph.  The  inflow  hydrographs  were  subsequently  routed 
through  the  reservoir  and  appurtenant  structures  by  the  modified  Puls 
reservoir  routing  option. 

b.  Precipitation  events.  The  Probable  Maximum  Precipitation  (PMP)  and  the  1 
and  10  percent  probability-of-occurrence  events  were  used  in  the  analyses. 
The  total  rainfall  and  corresponding  distributions  for  the  1  and  10  percent 
probability  events  were  provided  by  the  St.  Louis  District,  Corps  of  Engineers. 
The  Probable  Maximum  Precipitation  was  determined  from  regional  curves 
prepared  by  the  US  Weather  Bureau  (Hydrometeorological  Report  Number  33, 
1956). 

c.  Unit  hydrograph.  The  Soil  Conservation  Services  (SCS)  Dimensionless  Unit 
Hydrograph  method  (National  Engineering  Handbook,  Section  9,  Hydrology, 
1971)  was  used  in  the  analysis.  This  method  was  selected^  because  of  its 
simplicity,  applicability  to  drainage  areas  less  than  10  mi,  and  its  easy 
availability  within  the  HEC-1  computer  program. 

The  watershed  lag  time  was  computed  using  the  SCS  "curve  number  method" 
by  an  empirical  relationship  as  follows: 

L  =  - - ^4  -  (Equation  15-4) 

1900  YU*^ 


where:  L  =  lag  in  hours 

A  =  hydraulic  length  of  the  watershed  in  feet 
s  =  1000  -  10  where  CN  =  hydrologic  soil  curve  number 

CN 

Y  =  average  watershed  land  slope  in  percent 

This  empirical  relationship  accounts  for  the  soil  cover,  average  watershed 
slope  and  hydraulic  length. 


With  the  lag  time  thus  computed,  another  empirical  relationship  is  used  to 
compute  the  time  of  concentration  as  follows: 


L 

576 


(Equation  15-3) 


where:  Tc  =  time  of  concentration  in  hours 
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L  =  lag  in  hours. 

Subsequent  to  the  computation  pf  the  time  of  concentration,  the  unit 
hydrograph  duration  was  estimated  utilizing  the  following  relationship: 

AD  a  0.133TC  (Equation  16-121 

where:  A  D  =  duration  of  unit  excess  rainfall 

T  =  time  of  concentration  in  hours, 
c 

The  final  interval  was  selected  to  provide  at  least  three  discharge  ordinates 
prior  to  the  peak  discharge  ordinate  of  the  unit  hydrograph.  For  this  dam,  a 
time  interval  of  5  minutes  was  used. 

d.  Infiltration  losses.  The  infiltration  losses  were  computed  by  the  HEC-1 
computer  program  internally  using  the  SCS  curve  number  method.  The  curve 
numbers  were  established  taking  into  consideration  the  variables  of:  (al 
antecedent  moisture  condition,  (bj  hydrologic  soil  group  classification,  (c) 
degree  of  development,  (dj  vegetative  cover  and  (el  present  land  usage  in  the 
watershed. 

Antecedent  moisture  condition  Ill  (AMC  Ill!  was  used  for  the  PMF  events 
and  AMC  II  was  used  for  the  1  and  10  percent  probability  events,  in 
accordance  with  the  guidelines.  The  remaining  variables  are  defined  in  the 
SCS  procedure  and  judgements  in  their  selection  were  made  on  the  basis  of 
visual  field  inspection. 

e.  Starting  elevations.  Reservoir  starting  water  surface  elevations  for  this  dam 
were  set  as  follows: 

(1J  1  and  10  percent  probability  events  -  high  water  mark,  elevation 

789.1  ft 


(2J  Probable  Maximum  Storm  -  spillway  crest  elevation,  elevation 
792.2  ft 

f.  Spillway  Rating  Curve.  The  HEC-2  computer  program  was  used  to  compute 
the  auxiliary  spillway  rating  curves  The  12 -in.  diameter  pipe  main  spillway 
capacity  was  calculated  as  20  ft  /sec.  The  two  outflow  capacities  were 
combined  and  entered  on  the  Y 4  and  Y5  computer  cards  for  the  HEC-1 
program. 

B.2  Pertinent  Data 

2 

a.  Drainage  area.  0.12  m 
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b.  Storm  duration.  A  unit  hydrograph  was  developed  by  the  SCS  method  option  of 
HEC-1  program.  The  design  storm  of  24  hours  duration  was  divided  into  5- 
minute  intervals  in  order  to  develop  the  inflow  hydrograph. 

c.  Lag  time.  0.32  hr 

d.  Hydrologic  soil  group.  C 

e.  SCS  curve  numbers. 

1.  For  PMF-  AMC  III  -  Curve  Number  90 

2.  For  1  and  10  percent  probability-of-occurrence  events  AMC  II  -  Curve 
Number  78 

f.  Storage.  Elevation-area  data  were  developed  by  planimetering  areas  at 
various  elevation  contours  on  the  USGS  Fredericktown  7.5  minute  quadrangle 
map.  The  storage  volume  calculated  by  the  Soil  Conservation  Service  was 
entered  on  the  $S  and  $E  cards  to  the  HEC-1  program. 

g.  Outflow  over  dam  crest.  As  the  profile  of  the  dam  crest  is  irregular,  flow 
over  the  crest  was  computed  according  to  the  "Flow  Over  Non-Level  Dam 
Crest"  supplement  to  the  HEC-1  User's  ManuaL  The  crest  length-elevation 
data  and  hydraulic  constants  were  entered  on  the  $D,  $L,  and  $V  cards. 

h.  Outflow  capacity.  The  auxiliary  spillway  rating  curve  was  developed  from  the 
cross-section  data  of  the  spillway.  The  capacity  of  the  12 -in.  diameter  pipe 
was  calculated  and  added  to  the  auxiliary  spillway  capacity.  The  results  of  the 
above  were  entered  on  the  Y4  and  Y5  cards  of  the  HEC-1  program. 

L  Reservoir  elevations.  For  the  50  and  100  percent  of  the  PMF  events,  the 
starting  reservoir  elevation  was  792.2  ft,  the  spillway  crest  elevation.  For  the 
1  and  10  percent  probability-of-occurrence  events,  the  starting  reservoir 
elevation  was  789.1  ft,  the  elevation  of  the  high  water  line  in  the  reservoir 
area. 

B.3  Results 

The  results  of  the  analyses  as  well  as  the  input  values  to  the  HEC-1  program  follow 

in  this  Appendix.  Only  the  results  summaries  are  included,  not  the  intermediate 

output.  Complete  copies  of  the  HEC-I  output  are  available  in  the  project  files. 
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UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
SOIL  CONSERVATION  SERVICE 


DESIGN  SHEET  FOR  CLASS  Il.Ulij  IV  *  DETENTION  STORAGE  STRUCTURE 


Design  by_ 


Date  /fi  -  7- ; 


jChecked  by 


Drainage  area  »  7&  ac.  Height  x  storage  •  /Z,  7  x 


WATERSHED  CONDITIONS  AND  FACTORS 

Locatl on  factor: 

Infiltration  factor:  (-abeve)  (average)  (balo*)- » 
Topographic  factor:  £  %  average  slope 

Shape  factor:  runoff  distance  -  Z.J  6°  ft. 

Cover  factor:  cropland  loo  t.  pasture  —  t,  tlnfcer 
Contouring  factor: 

Storage  factor:  7  %  terraced  , 


I-'.-* 


L. 


JC2-2 


\\>  /vrv< 


PRINCIPAL  SPILLWAY  DESIGN 


Available  storage  at  stage  of  /  5~  ft.  ■  VJp  ■  /ttiCz,  ac.  ft.  (See  map) 

V$p  ♦  •  tjSZ ac.  ft.  ♦  /£/g_ac.  ft.  -  /-A  .  Qop  ♦  Qip  - _ (Table  2,  1519) 


Qop  *  —  c.f.s.  x  — 

Conduit: 


—  c.f.s. 


Type, 


Length  ■  4-^ft.  Total  head  on  conduit  ■  //'y^fx. 


Diameter  *  &,  In.  Discharge  capacity  ■  /■/  c.f.s.  (1520) 

Minimum  entrance  head  *  .<T  ft.  (1510  or  1511) 

Riser:  ** 

ft..  Diameter  ■ 


Type, 


Height 


In.  (1511) 


EMERGENCY  SPILLWAY  DESIGN 


Control  Section: 


/2.  Si  A  tl  ‘  VJAi/' 

/,/  v:r  * 


Depth  of  flow  »  ft.  V$  at  this  depth  ac.  ft.  (See  map) 

Vs  *  Vf  *  /K  f3~ac.  ft.  +  y->7 2-  ac.  ft.  »  /-»*- 


Q  *  Q.  * 
wop  M1 


c.f.s.  ♦  c.f.s.  ■ - . 

c.f.s. 


Ooe  '♦  * 


(Table  3.  1519) 


Qoe  *  — zi — c.f.s.  X  -  _r: 


ft.  ♦  1.0  ■ 


Width  *  ft.  Total  depth  ■  depth  of  flow  ♦  freeboard 
/,S~ ft.  Use  /  S' ft.  (Table  4,  1517) 

Exit  Section:  .  v 

Slope  « _ X  Quality  of  vegetation: ^j( fair)  (good)  (excellent)  * 

(Less)  (More)  *  erosive  solls.V^PepxfssIble  velocity^*  ^  f.irls.  (1517) 

Depth  » _ ft.  Design  velodty  »  f.p.s.  Width  ft.  (1517  or  1505) 


Use  width  of 


ft. 


% 
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•r  t 

f' 


.  - 

:  •  ■•T 


*  \ 

•  * 
•S  * 


.  ANTI-SEEP  COLLARS 

Length  of  saturate^  zone  ■  L  • _ ft.  Collar  addition  »  1 

Nunber  ■  n  ■  (L  x  )  ♦  V  *  (_ 


ft.  (1515)  • 


